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FOREWORD

The National Toxicology Program (NTP) is an interagency program within the Public Health Service (PHS) of the
Department of Health and Human Services (HHS) and is headquartered at the National Institute of Environmental
Health Sciences of the National Institutes of Health (NIEHS/NIH). Three agencies contribute resources to the
program: NIEHS/NIH, the National Institute for Occupational Safety and Health of the Centers for Disease
Control and Prevention (NIOSH/CDC), and the National Center for Toxicological Research of the Food and Drug
Administration (NCTR/FDA). Established in 1978, the NTP is charged with coordinating toxicological testing
activities, strengthening the science base in toxicology, developing and validating improved testing methods, and
providing information about potentially toxic substances to health regulatory and research agencies, scientific and
medical communities, and the public.

The Technical Report series began in 1976 with carcinogenesis studies conducted by the National Cancer Institute.
In 1981, this bioassay program was transferred to the NTP. The studies described in the Technical Report series
are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity,
of selected substances in laboratory animals (usually two species, rats and mice). Substances selected for NTP
toxicity and carcinogenicity studies are chosen primarily on the basis of human exposure, level of production, and
chemical structure. The interpretive conclusions presented in NTP Technical Reports are based only on the results
of these NTP studies. Extrapolation of these results to other species, including characterization of hazards and
risks to humans, requires analyses beyond the intent of these reports. Selection per se is not an indicator of a
substance’s carcinogenic potential.

The NTP conducts its studies in compliance with its laboratory health and safety guidelines and FDA Good
Laboratory Practice Regulations and must meet or exceed all applicable federal, state, and local health and safety
regulations. Animal care and use are in accordance with the Public Health Service Policy on Humane Care and
Use of Animals. Studies are subjected to retrospective quality assurance audits before being presented for public
review.

NTP Technical Reports are indexed in the NIH/NLM PubMed database and are available free of charge
electronically on the NTP website (http://ntp.niehs.nih.gov) or in hardcopy upon request from the NTP Central
Data Management group at cdm@niehs.nih.gov or (919) 541-3419.
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ABSTRACT

TETRALIN

CAS No. 119-64-2

Chemical Formula: C, H,, Molecular Weight: 132.21

Synonyms: Benzocyclohexane; A5’7’9-naphthalene; naphthalene 1,2,3,4-tetrahydride; tetrahydronaphthalene; 1,2,3,4-tetrahydronaphthalene;
tetraline
Trade name: Tetranap

Tetralin is used as an industrial solvent primarily for naphthalene, fats, resins, oils, and waxes; as a solvent and
stabilizer for shoe polishes and floor waxes; as a solvent for pesticides, rubber, asphalt, and aromatic hydrocarbons
(e.g., anthracene); as a dye solvent carrier in the textile industry; as a substitute for turpentine in lacquers, paints,
and varnishes; in paint thinners and as a paint remover; in alkali-resistant lacquers for cleaning printing ink from
rollers and type; as a constituent of motor fuels and lubricants; for the removal of naphthalene in gas distribution
systems; and as an insecticide for clothes moths. Tetralin was nominated by the National Cancer Institute for
carcinogenicity and disposition studies because of its structure, high production volume, and high potential for
worker and consumer exposure. Male and female F344/N rats and B6C3F1 mice were exposed to tetralin (at least
97% pure) by inhalation for 2 weeks, 3 months, or 2 years; male NCI Black Reiter (NBR) rats were exposed to
tetralin by inhalation for 2 weeks. Male NBR rats do not produce o2u-globulin; the NBR rats were included to
study the relationship of o2u-globulin and renal lesion induction. Genetic toxicology studies were conducted in

Salmonella typhimurium, Escherichia coli, and mouse peripheral blood erythrocytes.
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2-WEEK STUDIES IN RATS

Groups of five male (F344/N and NBR) and five female (F344/N) rats were exposed to tetralin at concentrations
of 0, 7.5, 15, 30, 60, or 120 ppm, 6 hours plus Ty, (12 minutes) per day, 5 days per week for 12 exposures. All
rats survived to the end of the studies. The final mean body weight of female rats exposed to 120 ppm and mean
body weight gains of female rats exposed to 30 ppm or greater were significantly less than those of the chamber
controls. Final mean body weights of exposed groups of male NBR rats and mean body weight gains of all
exposed groups of male rats were significantly less than those of the chamber controls. Dark-stained urine was
observed in all 120 ppm rats. Squinting, weeping, or matted fur around the eyes were noted in the majority of
F344/N rats exposed to 120 ppm. In all exposed groups of male F344/N rats, the o2u-globulin concentrations

in the kidney were significantly greater than that in the chamber control group. The absolute kidney weight of
60 ppm females and the relative kidney weights of male F344/N rats exposed to 30 ppm or greater and female
rats exposed to 15 ppm or greater were significantly increased. The absolute liver weight of 120 ppm NBR male
rats and the relative liver weights of male and female rats exposed to 60 or 120 ppm were significantly increased.
In the nose, the incidences of mononuclear cell cellular infiltration were generally significantly increased in all
exposed groups of rats, and incidences of olfactory epithelium degeneration and glandular hypertrophy occurred in

all male F344/N rats exposed to 120 ppm.

2-WEEK STUDY IN MICE

Groups of five male and five female mice were exposed to tetralin at concentrations of 0, 7.5, 15, 30, 60, or

120 ppm, 6 hours plus T, (12 minutes) per day, 5 days per week for 13 exposures. All mice survived to the

end of the study. Mean body weights of male and female mice were similar to those of the chamber controls.
Dark-stained urine was observed in most of the exposed mice. The absolute and relative liver weights of 60 and
120 ppm males and 30 and 120 ppm females and the relative liver weights of 60 ppm females were significantly

greater than those of the chamber controls. In the nose, the incidences of olfactory epithelium atrophy were
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significantly increased in 60 and 120 ppm males and females. Glandular dilatation occurred in all 120 ppm

females, and glandular hyperplasia occurred in all 120 ppm males and females.

3-MONTH STUDY IN RATS

Groups of 10 male and 10 female rats were exposed to tetralin at concentrations of 0, 7.5, 15, 30, 60, or 120 ppm,
6 hours plus T, (12 minutes) per day, 5 days per week for 14 weeks. The same exposure concentrations were
given to additional groups of 10 male and 10 female clinical pathology study rats for up to 6 weeks and five

male renal toxicity rats for 2 weeks. All rats survived to the end of the study. Mean body weights of 120 ppm
male rats were significantly less than those of the chamber controls. During the first 4 weeks of exposure, dark-
stained urine was observed in the catch pans of rats exposed to 30, 60, or 120 ppm. Tetralin induced a minimal
decrease in the erythron in both sexes that resulted in a hematopoietic response. Tetralin increased urine aspartate
aminotransferase and urine lactate dehydrogenase activities (males and females) and glucose/creatinine ratio
(males), suggestive of renal injury. The absolute kidney weights of 60 and 120 ppm females and the relative
kidney weights of males and females exposed to 15 ppm or greater were significantly greater than those of the
chamber controls. Concentrations of o2u-globulin in the kidney of exposed male rats were generally greater

than those of the chamber controls at all time points and greater at 6 and 14 weeks than at 2 weeks. There were
significantly increased incidences of olfactory epithelium necrosis in rats exposed to 30 ppm or greater and of

olfactory epithelium regeneration in 60 and 120 ppm rats.

3-MONTH STUDY IN MICE

Groups of 10 male and 10 female mice were exposed to tetralin at concentrations of 0, 7.5, 15, 30, 60, or
120 ppm, 6 hours plus Ty, (12 minutes) per day, 5 days per week for 14 weeks. All mice survived to the end
of the study. Mean body weights of 60 and 120 ppm males were significantly less than those of the chamber

controls. Dark-stained urine was observed in the catch pans of mice exposed to 30, 60, or 120 ppm during
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the first month of the study. Tetralin induced a minimal decrease in the erythron in both sexes that resulted in

a hematopoietic response. The relative liver weights of 120 ppm males and 30 ppm or greater females were
significantly greater than those of the chamber controls. Incidences of olfactory epithelium metaplasia in 60 and
120 ppm males and females, respiratory epithelium hyaline droplet accumulation in 120 ppm males and 60 and
120 ppm females, cytoplasmic eosinophilic granules within the transitional epithelium lining the urinary bladder in
all exposed groups of males and females, and ovarian atrophy and uterine atrophy in 60 and 120 ppm females were

significantly increased.

2-YEAR STUDY IN RATS

Groups of 50 male and 50 female rats were exposed to tetralin at concentrations of 0, 30, 60, or 120 ppm, 6 hours
plus T, (12 minutes) per day, 5 days per week for 105 weeks. Additional groups of five male and five female rats
were exposed to the same concentrations for 12 months. Survival of all exposed groups of rats was similar to that
of the chamber controls. Mean body weights of 120 ppm females were 6% less than those of the chamber controls
after week 29. Dark-stained urine was observed in all exposed groups of rats. Creatinine-adjusted levels of all

urinary metabolites increased with increasing exposure concentration in males and females.

In the standard evaluation of the kidney, there were slightly increased incidences of cortical renal tubule
adenoma in male rats. In the combined analysis of single and step sections, the incidence of cortical renal

tubule adenoma was significantly increased in the 120 ppm group. In the combined analysis, there was also a
significantly increased incidence of renal tubule hyperplasia in the 120 ppm group. In 120 ppm males in the
standard evaluation, the severity of chronic nephropathy was increased and the incidence of transitional epithelial

hyperplasia in the renal pelvis was significantly increased.

Three hepatocellular adenomas occurred in 120 ppm females, and one hepatocellular carcinoma each was observed

in the 60 and 120 ppm groups.
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The incidences of uterine stromal polyp and endometrium hyperplasia were significantly increased in 120 ppm
females. Incidences of interstitial cell adenoma and germinal epithelium atrophy of the testis in 30 and 120 ppm

males were significantly greater than those in the chamber controls.

The incidences of olfactory epithelium degeneration, metaplasia, basal cell hyperplasia, suppurative inflammation,
and mineralization (except 30 ppm females) in the nose were significantly increased in all exposed groups of rats.
The incidences of glandular dilatation were significantly increased in 120 ppm males and all exposed groups of
females. The incidences of respiratory epithelium chronic inflammation were significantly increased in males

exposed to 60 or 120 ppm and all exposed groups of females.

The incidences of lens cataract in 120 ppm females were significantly increased.

2-YEAR STUDY IN MICE

Groups of 50 male and 50 female mice were exposed to tetralin at concentrations of 0, 30, 60, or 120 ppm, 6 hours
plus T, (12 minutes) per day, 5 days per week for 105 weeks. Additional groups of five male and five female
mice were exposed to the same concentrations for 12 months. Survival of 60 and 120 ppm female mice was
significantly greater than that of the chamber controls. The mean body weights of all exposed groups of male

and female mice were similar to those of the chamber controls by the end of the study. Dark-stained urine was
observed in all exposed groups of male mice and in females exposed to 60 or 120 ppm. Creatinine-adjusted levels

of all urinary metabolites increased with increasing exposure concentration in males and females.

The incidence of hemangiosarcoma of the spleen was increased in 120 ppm females and exceeded the historical

control range for inhalation studies.

The incidences of olfactory epithelium atrophy, respiratory metaplasia, glandular hyperplasia, and suppurative

inflammation in exposed groups of mice were significantly greater than those in the chamber controls.
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Transitional epithelium cytoplasmic eosinophilic granules were present in the urinary bladder of all exposed mice.

The incidence of corneal mineralization in 120 ppm females was significantly increased.

GENETIC TOXICOLOGY

Tetralin was not mutagenic in S. typhimurium strains TA97, TA98, TA100, or TA1535 or in E. coli strain
WP2 uvrd, with or without exogenous metabolic activation. No significant increases in the frequencies of
micronucleated normochromatic erythrocytes, indicators of chromosomal damage, were observed in peripheral

blood samples from male or female mice exposed to tetralin for 3 months.

CONCLUSIONS

Under the conditions of these 2-year inhalation studies, there was some evidence of carcinogenic activity* of
tetralin in male F344/N rats based on the increased incidence of cortical renal tubule adenoma. The increased
incidence of testicular interstitial cell adenoma may have been related to tetralin exposure. There was some
evidence of carcinogenic activity of tetralin in female F344/N rats based on the increased incidences of
hepatocellular neoplasms and uterine stromal polyp. There was no evidence of carcinogenic activity of tetralin
in male B6C3F1 mice exposed to 30, 60, or 120 ppm. There was equivocal evidence of carcinogenic activity of

tetralin in female B6C3F1 mice based on the increased incidence of splenic hemangiosarcoma.

Exposure to tetralin resulted in nonneoplastic lesions of the nose in male and female rats and mice, kidney and

testis in male rats, uterus in female rats, and urinary bladder in male and female mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 15.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Tetralin

13

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F1 Mice

Female
B6C3F1 Mice

Concentrations in air

Body weights

Survival rates

Nonneoplastic effects

Neoplastic effects

0, 30, 60, or 120 ppm

Exposed groups similar to
the chamber control group

20/50, 29/50, 25/50, 28/50

Kidney: renal tubule,
hyperplasia (standard
evaluation - 1/50, 2/50,
0/50, 3/50) (standard and
extended evaluations
combined - 1/50, 2/50,
1/50, 7/50); severity of
nephropathy (2.6, 3.0, 3.0,
3.4); pelvis, transitional
epithelium, hyperplasia
(1/50, 1/50, 0/50, 7/50)

Testis: germinal
epithelium, atrophy
(32/50, 42/50, 34/50,
45/50)

Nose: glands, dilatation
(0/50, 3/50, 3/49, 16/50);
olfactory epithelium,
degeneration (1/50, 40/50,
43/49, 42/50); olfactory
epithelium, hyperplasia,
basal cell (0/50, 38/50,
48/49, 48/50); olfactory
epithelium, metaplasia
(0/50, 17/50, 31/49,
37/50); olfactory
epithelium, inflammation,
suppurative (0/50, 12/50,
8/49, 10/50); olfactory
epithelium, mineralization
(0/50, 5/50, 12/49, 17/50);
respiratory epithelium,
inflammation, chronic
(4/50, 4/50, 18/49, 16/50)

Kidney: cortical renal
tubule adenoma (standard
evaluation - 0/50, 1/50,
1/50, 2/50) (standard and
extended evaluations
combined - 0/50, 3/50,
2/50, 6/50)

0, 30, 60, or 120 ppm

120 ppm group 6% less
than the chamber control
group after week 29

31/50, 36/50, 31/50, 38/50

Uterus: endometrium,
hyperplasia (2/50, 5/50,
7/50, 11/50)

Nose: glands, dilatation
(0/50, 6/50, 10/50,

16/50);  olfactory
olfactory epithelium,
degeneration (0/50, 47/50,
50/50, 46/50); olfactory
epithelium, hyperplasia,
basal cell (0/50, 48/50,
50/50, 49/50); olfactory
epithelium, metaplasia
(0/50, 41/50, 43/50,
49/50); olfactory
epithelium, inflammation,
suppurative (0/50, 16/50,
15/50, 19/50); olfactory
epithelium, mineralization
(0/50, 2/50, 8/50, 13/50);
respiratory epithelium,
inflammation, chronic
(1/50, 7/50, 11/50, 12/50)

Liver: hepatocellular
adenoma (0/50, 0/50,
0/50, 3/50); hepatocellular
adenoma or carcinoma
(0/50, 0/50, 1/50, 4/50)

Uterus: stromal polyp
(6/50, 10/50, 9/50, 17/50)

0, 30, 60, or 120 ppm

Exposed groups generally
similar to the chamber
control group

36/50, 35/50, 38/50, 36/50

Nose: glands, olfactory
epithelium, hyperplasia
(14/49, 49/49, 50/50,
49/50); olfactory
epithelium, atrophy (2/49,
49/49, 50/50, 50/50);
olfactory epithelium,
metaplasia, respiratory
(2/49, 47/49, 50/50,
49/50); inflammation,
suppurative (2/49, 26/49,
45/50, 45/50)

Urinary bladder:
transitional epithelium,

eosinophilic granules,
cytoplasmic (0/49, 47/47,
50/50, 48/48)

None

0, 30, 60, or 120 ppm

Exposed groups generally
similar to the chamber
control group

31/50, 38/50, 42/50, 43/50

Nose: glands, olfactory
epithelium, hyperplasia
(17/50, 50/50, 50/50,
49/49); olfactory
epithelium, atrophy (1/50,
50/50, 50/50, 49/49);
olfactory epithelium,
metaplasia, respiratory
(1/50, 49/50, 50/50,
49/49); inflammation,
suppurative (3/50, 28/50,
48/50, 46/49)

Urinary bladder:
transitional epithelium,

eosinophilic granules,
cytoplasmic (0/49, 50/50,
49/49, 49/49)

None
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Tetralin

Male Female Male Female
F344/N Rats F344/N Rats B6C3F1 Mice B6C3F1 Mice
Equivocal findings Testis: adenoma, None None Spleen:
interstitial cell (29/50, hemangiosarcoma (1/50,
39/50, 31/50, 41/50) 0/50, 1/50, 4/50)
Level of evidence of Some evidence Some evidence No evidence Equivocal evidence

carcinogenic activity

Genetic toxicology
Salmonella typhimurium gene mutations: Negative in strains TA97, TA98, TA100, and TA1535 and in Escherichia coli strain
WP2 uvr4/pKM101, with and without S9
Micronucleated erythrocytes
Mouse peripheral blood in vivo: Negative in males and females
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence
for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those
conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals
found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence observed
in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised in March 1986 for
use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

* Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

» Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

» No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

» Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical
exposure. In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are
indicated as “may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

* adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

 progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

» some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible to
identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign
neoplasms of those types have the potential to become malignant;

» combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

* latency in tumor induction;

» multiplicity in site-specific neoplasia;

* metastases;

« supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

 presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

 concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

 survival-adjusted analyses and false positive or false negative concerns;

e structure-activity correlations; and

* in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

NOTE: A summary of the Technical Reports Review Subcommittee’s remarks will appear in a future draft of this

report.
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INTRODUCTION

TETRALIN
CAS No. 119-64-2

Chemical Formula: C, H,, Molecular Weight: 132.21

Synonyms: Benzocyclohexane; A5’7’9-naphthalene; naphthalene 1,2,3,4-tetrahydride; tetrahydronaphthalene; 1,2,3,4-tetrahydronaphthalene;
tetraline
Trade name: Tetranap

CHEMICAL AND PHYSICAL PROPERTIES

Tetralin is a liquid with an odor resembling that of a mixture of benzene and menthol. It has a boiling point of
207.2° C at 760 mm Hg and a melting point of —31° C. It is insoluble in water, soluble in methanol at 50.6%
(w/w), and miscible with petroleum ether, chloroform, decalin, ethanol, butanol, acetone, benzene, and ether
(Merck, 1996). It has a vapor pressure of | mm Hg at 38° C (Sax and Lewis, 1989), flash points of 77° C (open
cup) and 82° C (closed cup), a specific gravity of 0.9702 at 20° C, and a log octanol/water partition coefficient of
3.52 (Merck, 1996). Tetralin reacts with oxidizing materials; in prolonged, direct contact with air, it forms tetralin
peroxide, which may lead to explosion; tetralin peroxide formation is prevented by addition of an antioxidant such
as hydroquinone (Merck, 1996). Tetralin is combustible when exposed to heat or flame and emits acrid smoke and

irritating fumes when heated to decomposition (Sax and Lewis, 1989).

Tetralin, decalin, and naphthalene contain 10 carbon atoms and are composed of two fused, six-membered rings

(Figure 1). However, the structural and electronic character of the molecules differ. Structurally, the aromatic
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Tetralin Decalin Naphthalene

FIGURE 1
Chemical Structures of Tetralin, Decalin, and Naphthalene

ring of tetralin causes that part of the molecule to be planar, while the aliphatic portion of the molecule remains
nonplanar. The cis and trans isomers of decalin are each composed of two fused cyclohexane rings that exist in
nonplanar chair configurations. Electronically, the aromatic ring of tetralin will activate the c-carbons toward

oxidation.

While Tetralin® and Decalin® are trade names (E.I. du Pont de Nemours & Company, Wilmington, DE) for
tetrahydro- and decahydronaphthalene products, respectively, the names are commonly used for any tetrahydro-

and decahydronaphthalene. This Technical Report follows common usage.

ProbpuCTION, USE, AND HUMAN EXPOSURE

Tetralin occurs naturally in petroleum and coal and is released into the environment in emissions from petroleum
refining, coal tar distillation, and gasoline and diesel fuel combustion; it also is released in waste streams in the
disposal of crude oil, refined petroleum products, and products containing the compound as a solvent (e.g., paints

and waxes).

Tetralin is manufactured by hydrogenation of naphthalene in the presence of a nickel or modified nickel
catalyst. Because these catalysts are sensitive to sulfur, naphthalene with a low sulfur content is used. The
primary naphthalene-sulfur compound formed during catalysis is thionaphthene, and it is removed by

sodium treatment and a catalytic hydrodesulfurization process. Tetralin marketed by Union Carbide contains
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98% tetrahydronaphthalene with naphthalene making up most of the remainder (CRCS, 1984). DuPont’s Tetralin”
contains 97% tetrahydronaphthalene, 2% decahydronaphthalene, and 1% naphthalene (DuPont, 2005). The

Aldrich Chemical Company offers tetralin at 99% purity (4/drich, 1990).

Tetralin is in high demand with annual usage in the millions of pounds, but a quantitative estimate of current

domestic production of tetralin was not found in a search of the literature.

Tetralin is used as an industrial solvent primarily for naphthalene, fats, resins, oils, and waxes; as a solvent and
stabilizer for shoe polishes and floor waxes; as a solvent for pesticides, rubber, asphalt, and aromatic hydrocarbons
(e.g., anthracene); as a dye solvent carrier in the textile industry; as a substitute for turpentine in lacquers, paints,
and varnishes; in paint thinners and as a paint remover; in alkali-resistant lacquers for cleaning printing ink from
rollers and type; as a constituent of motor fuels and lubricants; for the removal of naphthalene in gas distribution
systems; as an insecticide for clothes moths and a larvicide for mosquitoes; and as an intermediate in the
manufacture of certain agricultural chemicals such as carbaryl, napropamide, and 1-naphthoxyacetic acid. Tetralin
mixed with decalin is used for certain applications where a synergistic solvency is desired (Sandmeyer, 1981;

Longacre, 1987; Sax and Lewis, 1989).

The most probable human exposure to tetralin is through dermal contact or inhalation during manufacture or use.
Potential occupational exposures are controlled by the use of engineering controls (for example, the threshold
limit value 8-hour time-weighted average concentration for the reactant naphthalene is 10 ppm; ACGIH, 2007)
and the routine use of personal protective equipment. DuPont, the major manufacturer, also recommends that the
compound be handled in closed systems where possible or in work areas with good ventilation (DuPont, 2005).
Based on data collected from 1972 to 1974, the National Occupational Hazard Survey (NOHS) estimated that
2,237 workers were potentially exposed to tetralin (NIOSH, 1976). The 1981 to 1983 National Occupational
Exposure Survey (NOES) reported 504 workers potentially exposed to tetralin (NIOSH, 1990). The NOES

estimate represents actual observations only (i.e., the surveyor observed the use of the specific compound),
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whereas the NOHS estimate is made up of actual observations, trade name observations (the surveyor observed the
use of a trade name product known to contain the compound), and generic observations (the surveyor observed a
product in some type of general use which led the National Institute for Occupational Safety and Health to suspect

that the compound might be contained in that product).

A study at a small pilot-scale direct coal liquefaction facility in British Columbia detected tetralin at a mean
concentration of 0.07 mg/m3 in 11/58 samples of workplace air. The limit of detection was 0.05 mg/m3 (Leach

et al., 1987).

Consumers may be exposed to tetralin used as a solvent in paints, varnishes, lacquers, waxes, and shoe polishes
and in finished petroleum products (gasoline, motor oils). In addition, nonoccupational exposure to tetralin may
occur in urban atmospheres, through contaminated drinking water supplies, and during recreational activities

at contaminated waterways. Tetralin has been detected at 100 ppb in a pond water sample obtained in an

uninhabited, forested area in central New Brunswick in May 1977 (CRCS, 1984).

REGULATORY STATUS

No standards or guidelines have been set for occupational exposures or environmental levels of tetralin.

ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION

Experimental Animals

Tetralin undergoes hydroxylation at the nonaromatic portion of the molecule in rats and rabbits. Tetralin
metabolites were identified in the urine of male Fischer 344 rats administered 48.5 mg tetralin/kg body weight
intragastrically on alternate days for 2 weeks (Servé ef al., 1989). The metabolites were monoalcohols (1-tetralol

and 2-tetralol), hydroxyketones (2-hydroxy-1-tetralone and 4-hydroxy-1-tetralone), and diols (tetralin-1,4-diol and
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tetralin-1,2-diol). These metabolites were excreted as glucuronic acid or sulfate conjugates. In rats administered
45 mg tetralin/kg body weight intraperitoneally, biliary excretion amounted to 13% of the administered dose
mainly as the glucuronide of tetralin-1,2-diol. Information on metabolism of tetralin in female rats was not found

in a search of the literature.

A study on the hydroxylation of tetralin by rat liver homogenates indicated that hydroperoxide was an intermediate

in the conversion of tetralin to tetralol (Chen and Lin, 1968).

In rabbits administered 3.4 mmol/kg ' C-tetralin via a stomach tube, 87% to 90% of the dose was excreted in the
urine within 2 days, 0.6% to 1.8% in feces, and less than 0.2% in expired breath (Elliott and Hanam, 1968). The
radioactive residue in tissues amounted to 0.07% of the administered dose. The major metabolites were conjugates
of 1-tetralol (52.4%) and 2-tetralol (25.3%). Minor metabolites were cis-tetralin-1,2-diol (0.4%), trans-tetralin-
1,2-diol (0.6%), and 4-hydroxy-1-tetralone (6.1%). Traces of mercapturic acids were found that did not appear to

originate from the tetralin that was administered (Longacre, 1987).

Humans
Unchanged tetralin, 1-tetralol, and the glucuronides of 1-tetralol and 2-tetralol were identified in the urine of a

woman who had ingested 250 mL of an ectoparasiticide containing 31.5% tetralin (Longacre, 1987).

Hansen and Andersen (1988) estimated the affinity of tetralin in several biological materials using solubility
parameter techniques. Results were reported as relative energy difference (RED) numbers; values approaching
zero indicated strongest affinity; values less than 1.0 indicated a strong affinity, and progressively higher values
indicated increasingly lower affinities. The RED was 0.65 in lard at 37° C, 0.52 in lard at 23° C, 1.36 in a

1% solution of tetralin in water, 1.73 in blood serum, 1.78 in sucrose, 1.49 in urea, and 0.90 in psoriasis scales.
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Toxiciry

Experimental Animals

The oral LDy, for tetralin in rats is 2.86 g/kg; the dermal LD, in rabbits is 17.3 g/kg, and the LC,, in guinea pigs
for 17 8-hour exposures is 275 ppm (CRCS, 1984; Longacre, 1987). Exposure to saturated vapor for 8 hours was
not lethal to rats (Sandmeyer, 1981). Clinical signs of acute toxicity are loss of weight, tremors, paralysis of the

hindquarters, and difficult respiration (Longacre, 1987).

Intragastric administration of 485 mg tetralin/kg body weight on alternate days for 2 weeks induced nephrotoxicity
in male Fischer 344 rats (Servé ef al., 1989). The dose was considered the highest dose tolerated without lethal
side effects. Toxicity in female rats was not studied. At necropsy, increased amounts of cytoplasmic hyaline
droplets were found in proximal convoluted tubule epithelial cells and foci of cellular degeneration were found in

the proximal convoluted tubules.

Administration of tetralin to rats and guinea pigs caused a green coloration of the urine (Longacre, 1987).
The significance of green urine was not clear. Other toxic effects of tetralin reported in animals include
methemoglobinemia in cats and anemia, leucopenia, hyperemia, and fatty degeneration and centrilobular atrophy

of the liver in guinea pigs.

Humans

Tetralin is irritating to the eyes, skin, and mucous membranes and is known to produce nausea, vomiting,
intragastric discomfort, transient liver damage, green-gray urine, and some clinical and enzymatic changes. It
is also a central nervous system depressant at high concentrations and has been reported to cause dermatitis in

painters (Sandmeyer, 1981).

Several case studies on the acute effects of tetralin have been reported. Tetralin has been associated with

restlessness of babies sleeping in a room recently treated with a tetralin-based varnish and asthenia in persons
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sleeping in rooms that had been waxed with a tetralin-containing polish. Temporary liver and kidney damage
has been reported following ingestion of approximately 250 mL of Cuprex"”, an ectoparasiticide containing

31.5% tetralin, 0.03% copper oleate, 52.7% paraffin oil, and 15.7% acetone (Longacre, 1987).

Oral ingestion of tetralin by humans has resulted in kidney damage (Sandmeyer, 1981). The mechanism of
inducing kidney damage is not known. No hyaline droplets have been reported in patients exposed to tetralin or

decalin.

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
No information on the reproductive or developmental toxicity of tetralin in experimental animals or humans was

found in a review of the literature.

CARCINOGENICITY

Experimental Animals

No studies of the carcinogenicity of tetralin in experimental animals were found in a review of the literature.

The NTP conducted a 2-year inhalation study of naphthalene at 0, 10, or 30 ppm in B6C3F1 mice (NTP, 1992).

In this study, there was no evidence of carcinogenicity in male mice and some evidence of carcinogenicity in
female mice based on occurrences of alveolar/bronchiolar adenoma. The NTP subsequently conducted a 2-year
inhalation study of naphthalene in F344/N rats exposed to 0, 10, 30, or 60 ppm, and there was clear evidence of
carcinogenicity in males and females based on increased incidences of respiratory epithelial adenoma and olfactory

neuroblastoma of the nose (NTP, 2000).
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The NTP conducted 2-year inhalation studies of decalin in F344/N rats at 0, 25, 50 (males only), 100, or 400 ppm
and in B6C3F1 mice at 0, 25, 100, or 400 ppm (NTP, 2005a). In these studies, there was clear evidence of
carcinogenic activity in male F344/N rats based on increased incidences of renal tubule neoplasms, no evidence
of carcinogenic activity in female F344/N rats or in male B6C3F1 mice, and equivocal evidence of carcinogenic

activity in female B6C3F1 mice based on marginally increased incidences of hepatocellular and uterine neoplasms.

Humans

No epidemiology studies of tetralin were found in a review of the literature.

GENETIC TOXICITY

No information on the genetic toxicity of tetralin was found in a review of the literature.

STUDY RATIONALE

Tetralin is widely used in solvents and as a substitute for turpentine in the manufacture of paints, lacquers, waxes,
and polishes. In addition, it has specific secondary uses. It is found in indoor and outdoor air, workplaces, homes,
fuels, exhaust air, drinking water, waterways, and recreational facilities. A high potential for human inhalation or
dermal exposure to tetralin exists as a result of contact with naturally occurring crude oil, cigarette smoke, or other
combustion products; during manufacturing or solvent uses; or because of environmental releases. Tetralin was
studied by the NTP because of its structural similarity to decalin, high production volume, and high potential for

worker and consumer exposure.
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MATERIALS AND METHODS

PROCUREMENT AND CHARACTERIZATION OF TETRALIN

Tetralin was obtained from Sigma Aldrich Fluka Bulk Chemicals (St. Louis, MO) in two lots (00822JG and
07808LG) and from Advanced Aromatics, L.P. (Baytown, TX), in one lot (139699). Lots 00822JG and
07808LG were used in the 2-week and 3-month studies as a mixture combined by Research Triangle Institute
(Research Triangle Park, NC) and assigned lot number 8359-80-01; lot 139699 was used during the 2-year
studies. Identity and purity analyses were conducted by the analytical chemistry laboratory, Research Triangle
Institute, and the study laboratory, Battelle Toxicology Northwest (Richland, WA). The study laboratory also
performed stability testing; additional testing was performed by Chemir/Polytech Laboratories, Inc. (St. Louis,
MO), Chemir Analytical Services (Maryland Heights, MO), and Galbraith Laboratories, Inc. (Knoxville, TN)
(Appendix J). Reports on analyses performed in support of the tetralin studies are on file at the National Institute

of Environmental Health Sciences.

All lots of the chemical, a clear, colorless liquid, were identified as tetralin using infrared and proton nuclear
magnetic resonance spectroscopy and gas chromatography coupled with mass spectroscopy (GC/MS). The

purity of each lot was determined by elemental analyses, GC/MS, and GC with flame ionization detection

(FID). Elemental analysis showed good agreement between theoretical and found percentages for carbon

and hydrogen; oxygen, nitrogen, and sulfur content were determined to be less than 0.5%. For lot 139699,

Karl Fischer titration indicated a water content of 52 ppm. For lots 00822JG and 07808LG, GC/MS by one
system indicated one major peak and no impurities greater than 0.1% of the major peak area; the purity of each lot
was determined to be greater than 97%. For combined lot 8359-80-01, GC/FID by one system indicated a major
peak and three impurities 0.1% or greater of the total peak area. The overall purity for lots 00822JG, 07808LG,

and/or combined lot 8359-80-01 was determined to be greater than 97%. For lot 139699, GC/MS by one system
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indicated one major peak and six impurities greater than 0.1% of the total peak area. GC/FID by one system
indicated a major peak and four impurities greater than 0.1% of the total peak area. GC/FID by another system
indicated one major peak and three impurities greater than 0.1% of the total peak area. The overall purity for
lot 139699 was determined to be greater than 98%. Potentiometric titration was used to determine the peroxide
content of each lot: 7.02 mEq/kg (lot 00822JG), 8.79 mEq/kg (lot 7808LG), and 2.62 mEq/kg (lot 139699). To
prevent the formation of hydroperoxides, 4-tert-butylcatechol was added to lot 139699 at a concentration of

50 ppm. The concentration was monitored every 6 months during the 2-year studies using high-performance
liquid chromatography. When the concentration of 4-fert-butylcatechol fell below 30 ppm, it was refortified to

approximately 50 ppm.

To ensure stability, the bulk chemical was stored in the original shipping containers (55-gallon metal drums)
under a nitrogen headspace at 18° to 23° C. Stability was monitored by the study laboratory during the 2-week,

3-month, and 2-year studies using GC/FID. No degradation of the chemical occurred.

VAPOR GENERATION AND EXPOSURE SYSTEM
Preheated tetralin was pumped onto glass beads in a heated glass column where it was vaporized. Heated nitrogen
flowed through the column and carried the vapor out of the generator. Generator output was controlled by the

delivery rate of the chemical metering pump.

Vapor leaving the generator was transported to the exposure room at an elevated temperature to prevent
condensation. In the exposure room, the vapor was mixed with additional heated compressed air before entering

a short vapor distribution manifold. Concentration in the manifold was determined by the chemical pump rate,
generator nitrogen flow rate, and dilution air flow rate. The pressure in the distribution manifold was kept fixed to

ensure constant flows through the manifold and into the chambers.
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An electronically actuated metering valve controlled the flow to each chamber; a pneumatically operated chamber
exposure shutoff valve in line with the metering valve stopped flow to the chamber. Until the generation system
was stable and exposures were ready to proceed, all chamber exposure valves were closed and vapor was directed
to the exposure chamber exhaust. When exposures started, the chambers’ exposure valves were opened to allow
the vapor to flow through the metering valves and then through temperature-controlled delivery lines to each
exposure chamber. The vapor was then injected into the chamber inlet duct where it was further diluted with

conditioned chamber air to achieve the desired concentrations.

The study laboratory designed the inhalation exposure chamber (Lab Products, Inc., Seaford, DE) so that uniform
vapor concentrations could be maintained throughout the chamber with the catch pans in place. The total active
mixing volume of each chamber was 1.7 m’. A condensation particle counter [Type CN, Gardner Associates,
Schenectady, NY (2-week and 3-month studies) or Model 3022A, TSI Inc., St. Paul, MN (2-year studies)] was
used to count the particles in all chambers before and during generation to determine whether tetralin vapor, and

not aerosol, was produced. No particle counts greater than 200 particles/cm’ were detected.

VAPOR CONCENTRATION MONITORING

The tetralin concentrations in the exposure chambers were monitored by an online gas chromatograph. Samples
were drawn from each exposure chamber approximately every 24 (2-week and 3-month studies) or 26 (2-year
studies) minutes during each 6-hour exposure period. A 12- (2-week and 3-month studies) or a 16-port (2-year
studies) stream select valve (VALCO Instruments Company, Houston, TX) directed a continuous stream of
sampled atmosphere to a 6-port sampling valve (VALCO Instruments Company) with a 1.0 mL sample loop
housed in a dedicated valve oven at 280° (2-week and 3-month studies) or 150° C (2-year studies). A vacuum
regulator maintained a constant vacuum in the sample loop to compensate for variations in sample line pressure.
An in-line flow meter between the vacuum regulator and the gas chromatograph allowed digital measurement of

sample flow. Summaries of the chamber vapor concentrations are given in Tables J2, J3, and J4.
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The online gas chromatograph was checked throughout the day for instrument drift against an online standard of
tetralin in nitrogen supplied by a diffusion standard generator (Kin-Tek Model 491, Precision Calibration Systems,
La Marque, TX). The online GC was calibrated monthly by a comparison of chamber concentration data to

data from grab samples, which were collected with charcoal sampling tubes (ORBO™-101, Supelco, Bellefonte,
PA). The volumes of gas were sampled from each chamber at a constant flow rate ensured by a calibrated

critical orifice. These samples were extracted with toluene containing 1-phenylhexane as an internal standard and
analyzed using an offline gas chromatograph. The offline gas chromatograph was calibrated with gravimetrically

prepared standard solutions of tetralin containing 1-phenylhexane as an internal standard in toluene.

CHAMBER ATMOSPHERE CHARACTERIZATION

Buildup and decay rates for chamber vapor concentrations were determined without and with animals present

in the chambers. At a chamber airflow rate of 15 cfim, the theoretical value for the time to achieve 90% of the
target concentration after the beginning of vapor generation (T,,) was approximately 12.5 minutes. A T, value of

12 minutes was selected for all studies.

The uniformity of tetralin vapor concentration in the inhalation exposure chambers without and with animals
present in the chambers was measured once during the 2-week and 3-month studies and every 3 months during the
2-year studies using the online gas chromatograph. Chamber concentration uniformity was maintained throughout

the studies.

The persistence of tetralin in the chamber after vapor delivery ended was determined by monitoring the
concentration without and with animals present in the 120 ppm chambers. In the 2-week and 3-month studies,
the concentration decreased to 1% of the target concentration in approximately 118 minutes without animals

present and in 106 minutes with animals present. In the 2-year studies, the concentration decreased to 1% of the

NOT FOR DISTRIBUTION OR ATTRIBUTION Board Draft



Tetralin, NTP TR 561 31

target concentration within 48 minutes (rats) and 97 minutes (mice) without animals present and in approximately

164 minutes (rats) and approximately 113 minutes (mice) with animals present.

Stability studies of tetralin in the generation and delivery system were performed. No evidence of degradation
was detected, and no impurities were found that were not present in the bulk material. The stability of tetralin

in the generator reservoir was monitored during the studies. Tetralin was stable in the generator reservoir for at
least 6 months. Stability testing of tetralin in the generator reservoir was performed during the 2-year studies; no
evidence of degradation of the test chemical was found. All measurements of 4-fert-butylcatechol concentration in

exposure chambers and generator reservoir samples were within the required specifications.

2-WEEK STUDIES

Male and female F344/N rats and B6C3F1 mice were obtained from Taconic Farms, Inc. (Germantown, NY),

and male and female NCI Black Reiter (NBR) rats were obtained from the Frederick Cancer Research and
Development Center (Frederick, MD). Male NBR rats do not produce c2u-globulin; the NBR rats were included
to study the relationship of c:2u-globulin and renal lesion induction. On receipt, the F344/N rats and the mice
were approximately 4 weeks old; NBR rats were approximately 5 weeks old. Animals were quarantined for 38
(F344/N rats), 40 (NBR rats), or 12 (mice) days and were approximately 9 (F344/N rats), 10 (NBR rats), or 5 to 6
(mice) weeks old on the first day of the studies. Approximately 4 weeks after receipt and before the studies began,
five male F344/N rats and five female NBR rats were selected for parasite evaluation and gross observation for
evidence of disease; serum was collected, and serologic analyses were performed using the protocols of the NTP
Sentinel Animal Program (Appendix L). Five male and five female mice were selected for parasite evaluation and
gross observation for evidence of disease at study termination; serum was collected, and serologic analyses were

performed using the protocols of the NTP Sentinel Animal Program.
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Groups of five male (F344/N and NBR) and five female (F344/N) rats and groups of five male and five female
mice were exposed to tetralin at concentrations of 0, 7.5, 15, 30, 60, or 120 ppm, 6 hours plus T,, (12 minutes) per
day, 5 days per week for 12 (rats) or 13 (mice) exposures. The 120 ppm concentration was the maximum possible
without generating an aerosol. Feed was available ad libitum except during exposure periods; water was available
ad libitum. Rats and mice were housed individually. Clinical findings for rats and mice were recorded on days

6 and 13 and at terminal sacrifice. The animals were weighed initially, on days 6 and 13, and at the end of the

studies. Details of the study design and animal maintenance are summarized in Table 1.

Necropsies were performed on all animals. The right kidney, liver, and lung were weighed. Tissues for
microscopic examination were fixed and preserved in 10% neutral buffered formalin, processed and trimmed,
embedded in paraffin, sectioned to a thickness of 5 um, and stained with hematoxylin and eosin. Histopathologic
examinations were performed on all chamber control and 120 ppm animals. In addition to gross lesions, the nose,

lung, liver, and kidney were examined to a no-effect level. Table 1 lists the tissues and organs routinely examined.

The right kidney from male F344/N rats was collected and stored at approximately —70° C. Each right kidney was
thawed; a volume of sodium/potassium phosphate buffer (pH ~7.2) equivalent to twice the recorded fresh weight
of the sample was added, and the sample was homogenized for 30 to 60 seconds using a tissue homogenizer. The
homogenate was centrifuged at approximately 3,000 g for 15 minutes. The protein content of each supernatant
was measured in a 1:50 dilution in phosphate-buffered saline (PBS)-Tween using the Pyrogallol Red Assay.
Analysis of c2u-globulin concentrations in 1:10,000 dilutions in PBS-Tween of the kidney homogenates was
conducted using a validated enzyme-linked immunosorbent assay (ELISA) method. The amount of o2u-globulin
was measured by comparing the relative fluorescent signal intensity in the study samples to that observed with
known amounts of o2u-globulin present in calibration standards. Calibration standards and ELISA control
standards (negative and positive) were plated in predetermined wells on 96-well microtiter plates. Calibration
standards were assayed in triplicate; study samples were assayed in quadruplicate. Results were reported as

ng o2u-globulin/pg soluble protein.
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For cell proliferation studies, sections of the left kidney of all male rats were fixed with 10% neutral buffered
formalin for approximately 24 hours. After fixation, the tissues were processed and embedded in paraffin. A
cross-section of duodenum was included in the embedding paraffin as a positive control. The kidney sections were
stained with Mallory-Heidenhain or proliferating cell nuclear antigen (PCNA). The slides stained with PCNA
were assessed qualitatively for adequate labeling. Evaluation was done using a 40x objective and an ocular grid.
Approximately 2,000 proximal tubule nuclei were counted. Counts of labeled nuclei and total nuclei counted were

recorded. The labeling index was calculated as the percentage of labeled nuclei/total number of nuclei counted.

3-MONTH STUDIES
The 3-month studies were conducted to evaluate the cumulative toxic effects of repeated exposure to tetralin and

to determine the appropriate exposure concentrations to be used in the 2-year studies.

Male and female F344/N rats and B6C3F1 mice were obtained from Taconic Farms, Inc. (Germantown, NY).
On receipt, the rats and mice were approximately 4 weeks old. Animals were quarantined for 14 (males) or

15 (females) days and were approximately 6 weeks old on the first day of the studies. Before the studies began,
five male and five female rats and mice were randomly selected for parasite evaluation and gross observation
for evidence of disease. Serologic analyses were performed on five male and five female sentinel rats and mice
during week 1 and on five male and five female chamber control rats and mice at terminal sacrifice using the

protocols of the NTP Sentinel Animal Program (Appendix L).

Groups of 10 male and 10 female rats and 10 male and 10 female mice were exposed to tetralin at concentrations
of 0, 7.5, 15, 30, 60, or 120 ppm, 6 hours plus T, (12 minutes) per day, 5 days per week for 14 weeks. The same
exposure concentrations were given to additional groups of 10 male and 10 female clinical pathology study rats
for up to 6 weeks and five male renal toxicity rats for 2 weeks. All animals had at least two consecutive days of

exposure before terminal sacrifice. Feed was available ad libitum except during exposure and urine collection
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periods; water was available ad libitum. Rats and mice were housed individually. Clinical findings were recorded
weekly for core study animals. The core study animals were weighed initially, weekly, and at the end of the
studies, and renal toxicity rats were weighed at necropsy. Details of the study design and animal maintenance are

summarized in Table 1.

Animals were anesthetized with carbon dioxide, and blood was collected from the retroorbital sinus of clinical
pathology rats on days 3 and 23 and from core study rats at the end of the study for hematology and clinical
chemistry analyses; blood was collected from the retroorbital sinus of mice at the end of the study for hematology
analyses. Blood samples for hematology analyses were placed in tubes containing potassium EDTA. Erythrocyte,
leukocyte, and platelet counts; hemoglobin concentrations; packed cell volume; mean cell volume; mean cell
hemoglobin; and mean cell hemoglobin concentration were determined using a Roche Cobas Helios hematology
analyzer (Roche Diagnostics, Branchburg, NJ). Manual hematocrit values were determined using a Damon/

IEC MB microcentrifuge (International Equipment Company, Needham Heights, MA) and a Damon/IEC capillary
reader (International Equipment Company) for comparison to Cobas values for packed cell volume. Blood smears
for rats and mice were stained with Wright-Giemsa stain in a Wescor 7100 Aerospray Slide Stainer (Wescor, Inc.,
Logan, UT). Leukocyte differential counts for rats and mice were based on classifying a minimum of 100 white
cells. Reticulocytes were stained with new methylene blue and enumerated as a reticulocyte:erythrocyte ratio
using the Miller disc method (Brecher and Schneiderman, 1950). Blood samples for clinical chemistry analyses
were placed in tubes containing separator gel and allowed to clot. After clot retraction occurred, the samples were
centrifuged, and the serum was aliquoted for assay of serum chemistry analytes using a Roche Cobas Fara (Roche

Diagnostics). Table 1 lists the parameters measured.

During week 12, core study rats were placed in metabolism cages, and urine was collected over ice for 16 hours.
During collection, the animals had access to water but not to food. After collection, the volume and specific
gravity of the samples were determined and recorded. The urine samples were then centrifuged, and aliquots were

collected and analyzed using a Roche Cobas Fara (Roche Diagnostics). Table 1 lists the parameters measured.
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At the end of the 3-month studies, samples were collected for sperm count and motility and vaginal cytology
evaluations on core study rats and mice exposed to 0, 30, 60, or 120 ppm. The parameters evaluated are listed

in Table 1. For 12 consecutive days prior to scheduled terminal sacrifice, the vaginal vaults of the females were
moistened with saline, if necessary, and samples of vaginal fluid and cells were stained. Relative numbers of
leukocytes, nucleated epithelial cells, and large squamous epithelial cells were determined and used to ascertain
estrous cycle stage (i.e., diestrus, proestrus, estrus, and metestrus). Male animals were evaluated for sperm count
and motility. The left testis and left epididymis were isolated and weighed. The tail of the epididymis (cauda
epididymis) was then removed from the epididymal body (corpus epididymis) and weighed. Test yolk (rats)

or modified Tyrode’s buffer (mice) was applied to slides, and a small incision was made at the distal border of
the cauda epididymis. The sperm effluxing from the incision were dispersed in the buffer on the slides, and the
numbers of motile and nonmotile spermatozoa were counted for five fields per slide by two observers. Following
completion of sperm motility estimates, the left cauda epididymis was placed in buffered saline solution. Caudae
were finely minced, and the tissue was incubated in the saline solution and then heat fixed at 65° C. Sperm
density was then determined microscopically with the aid of a hemacytometer. To quantify spermatogenesis, the
testicular spermatid head count was determined by removing the tunica albuginea and homogenizing the left testis
in phosphate-buffered saline containing 10% dimethyl sulfoxide. Homogenization-resistant spermatid nuclei were

counted with a hemacytometer.

Necropsies were performed on all core and renal toxicity animals. The heart, right kidney, liver, lung, right testis,
and thymus of core study animals were weighed. Tissues for microscopic examination were fixed and preserved
in 10% neutral buffered formalin, processed and trimmed, embedded in paraftin, sectioned to a thickness of 4 to

6 um, and stained with hematoxylin and eosin. Complete histopathologic examinations were performed on all
chamber control and 120 ppm animals. Additional tissues examined in core study animals included the nose in all
groups of rats (except 7.5 ppm males) and 30 and 60 ppm mice, the kidney in all male rats, the urinary bladder in

all mice, the ovary in 30 and 60 ppm female mice, and the uterus in all female mice; the remaining tissues were
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examined to a no-effect level in the remaining exposed groups. Table 1 lists the tissues and organs routinely

examined.

The right and left kidneys were removed from renal toxicity male rats at 2 weeks, five male clinical pathology
study rats at 6 weeks, and five male core study rats at terminal sacrifice for renal toxicity study. The processing
of kidneys, tissue staining, determination of o2u-globulin concentrations, and qualitative assessment for adequate

labeling for cell proliferation were performed as described for the 2-week studies.

2-YEAR STUDIES

Study Design
Groups of 50 male and 50 female rats and mice were exposed to tetralin at concentrations of 0, 30, 60, or

120 ppm, 6 hours plus T, (12 minutes) per day, 5 days per week for 105 weeks.

Source and Specification of Animals

Male and female F344/N rats and B6C3F1 mice were obtained from Taconic Farms, Inc. (Germantown, NY),
for use in the 2-year studies. Rats and mice were quarantined for 12 days before the beginning of the studies.
Five male and five female rats and mice were randomly selected for parasite evaluation and gross observation
of disease. Rats and mice were approximately 5 to 6 weeks old at the beginning of the studies. The health of
the animals was monitored during the studies according to the protocols of the NTP Sentinel Animal Program

(Appendix L).

Animal Maintenance

Rats and mice were housed individually. Feed was available ad libitum except during exposure and urine
collection periods; water was available ad libitum. Cages, racks, and chambers were changed weekly. Cages were
rotated weekly in chambers. Further details of animal maintenance are given in Table 1. Information on feed

composition and contaminants is provided in Appendix K.
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Clinical Examinations and Pathology
All animals were observed twice daily. Clinical findings were recorded every 4 weeks through week 93, every
2 weeks thereafter, and at the end of the studies. Animals were weighed initially, weekly for the first 13 weeks,

then every 4 weeks through week 93, every 2 weeks thereafter, and at the end of the studies.

Five male and five female rats and mice per exposure group were randomly selected for urine collection at

12 months. The animals were placed in metabolism cages, and urine was collected over ice for 16 hours. During
collection, the animals had access to water but not to food. After collection, the volume and specific gravity of the
samples were determined and recorded. Glucose, bilirubin, ketones, blood, pH, protein, urobilinogen, nitrites, and
leukocytes were measured using Bayer Multistix” 9 Reagent Strips (Bayer, Inc., Tarrytown, NY); confirmation

of the presence of bilirubin was performed using the Bayer Ictotest” (Bayer, Inc.). The urine samples were then
centrifuged, and aliquots were collected and analyzed for creatinine using a Roche Hitachi 911 (Roche Diagnostic
Systems, Basel, Switzerland) automated chemistry analyzer. Tetralin metabolites were analyzed using a GC/MS
method. Briefly, 50 uL of urine samples were spiked with an internal standard (2.5 pg 1-decalone) and 10 uLb
B-glucuronidase/arylsulfatase, followed by 0.1 mL acetate buffer (pH 4). Samples were incubated overnight at
37° C. Samples were extracted with ~1 mL methylene chloride, vortexed, and centrifuged; the methylene chloride
layer was transferred to an automated liquid sampler vial for analysis by GC/MS. Table 1 lists the parameters

measured.

Complete necropsies and microscopic examinations were performed on all rats and mice. At necropsy, all
organs and tissues were examined for grossly visible lesions, and all major tissues were fixed and preserved in
10% neutral buffered formalin (eyes were fixed in Davidson’s solution for up to 72 hours and then transferred to
10% neutral buffered formalin), processed and trimmed, embedded in paraffin, sectioned to a thickness of 4 to

6 um, and stained with hematoxylin and eosin for microscopic examination. For all paired organs (e.g., adrenal

gland, kidney, ovary), samples from each organ were examined. For extended evaluation of renal proliferative
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lesions, kidneys of male rats were step-sectioned at 1 mm intervals to obtain three to four additional sections from

each kidney. Tissues examined microscopically are listed in Table 1.

Microscopic evaluations were completed by the study laboratory pathologist, and the pathology data were entered
into the Toxicology Data Management System. The slides, paraffin blocks, and residual wet tissues were sent

to the NTP Archives for inventory, slide/block match, and wet tissue audit. The slides, individual animal data
records, and pathology tables were evaluated by an independent quality assessment laboratory. The individual
animal records and tables were compared for accuracy; the slide and tissue counts were verified, and the
histotechnique was evaluated. For the 2-year studies, a quality assessment pathologist evaluated slides from all

tumors and all potential target organs, which included the nose of rats and mice and the kidney of male rats.

The quality assessment report and the reviewed slides were submitted to the NTP Pathology Working Group
(PWG) coordinator, who reviewed the selected tissues and addressed any inconsistencies in the diagnoses made
by the laboratory and quality assessment pathologists. Representative histopathology slides containing examples
of lesions related to chemical administration, examples of disagreements in diagnoses between the laboratory and
quality assessment pathologists, or lesions of general interest were presented by the coordinator to the PWG for
review. The PWG consisted of the quality assessment pathologist and other pathologists experienced in rodent
toxicologic pathology. This group examined the tissues without any knowledge of dose groups or previously
rendered diagnoses. When the PWG consensus differed from the opinion of the laboratory pathologist, the
diagnosis was changed. Final diagnoses for reviewed lesions represent a consensus between the laboratory
pathologist, reviewing pathologist(s), and the PWG. Details of these review procedures have been described, in
part, by Maronpot and Boorman (1982) and Boorman et al. (1985). For subsequent analyses of the pathology
data, the decision of whether to evaluate the diagnosed lesions for each tissue type separately or combined was

generally based on the guidelines of McConnell et al. (1986).
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TABLE 1

39

Experimental Design and Materials and Methods in the Inhalation Studies of Tetralin

2-Week Studies

3-Month Studies

2-Year Studies

Study Laboratory
Battelle Toxicology Northwest
(Richland, WA)

Strain and Species
F344/N rats

NBR rats

B6C3F1 mice

Animal Source

Taconic Farms, Inc. (Germantown, NY)
(F344/N rats and B6C3F1 mice)

Frederick Cancer Research and Development
Center (Frederick, MD) (NBR rats)

Time Held Before Studies
Rats: 38 (F344/N) or 40 (NBR) days
Mice: 12 days

Average Age When Studies Began
Rats: 9 (F344/N) or 10 (NBR) weeks
Mice: 5 to 6 weeks

Date of First Exposure
April 7, 1996

Duration of Exposure
6 hours 